The aim of the present study was to investigate the extent of tracking of physical activity (PA), sports participation (SP), and sedentary behaviors (SB) over four years of high school education among the Croatian Physical Activity in Adolescence Longitudinal Study (CRO-PALS) cohort. Methods: In this investigation, participants were 844 high school students (15.6 years at baseline; 49% girls). The SHAPES questionnaire was used to assess PA, SP, and SB at ages 15, 16, 17, and 18 and tracking was assessed using generalized estimating equations. Results: Tracking coefficients for PA were similar in both sexes, ranged from 0.49 to 0.61, and indicated moderate tracking, while the tracking of SB tended to be somewhat higher over the four years of follow-up (β = 0.60-0.72). Youth that participated in sports at baseline had a 16 to 28 times higher odds of continued participation at follow-up, depending on the type of sport and gender. Finally, both low physical activity and high screen time showed strong tracking in both genders. Conclusion: PA and SB tracked moderately between ages 15 and 18. Moreover, the strong tracking of low PA and high screen time indicates that the detection of these risk factors at the beginning of high school should be advocated.
Introduction
Physical inactivity is considered to be one of the most important public health concerns globally [1] . More recently, sedentary behavior (SB) has also been linked with an increased risk of mortality, independent of leisure-time physical activity (PA) [2] . In children, both low PA and high SB independently relate to adverse health outcomes [3, 4] . Therefore, the World Health Organization recommends that children aged 5-17 years should accumulate at least 60 min of physical activity per day [1] . On the other hand, recent global studies have shown that this volume of PA is not achieved by the majority of contemporary youth, with the prevalence of inactivity rising with age [5] . Studies among school-going youth have consistently documented a steady decline in PA and an increase in SB throughout childhood [6] [7] [8] . The largest decline in PA has been spotted around the transition from primary to high school [9] .
PA occurs in several domains, such as occupation, household, transportation, and leisure-time, which isthe one that contributes the most to total PA volume in children and adolescents [10] .
The leisure-time domain has three aspects: mode (team sports, individual sports, organized but noncompetitive sports, and non-organized PA), setting (school, club, and neighborhood setting), and type (specific sports, such as swimming and volleyball) [11] . During teenage years, most of the leisure-time PA is organized and takes the form of sport activity. It has been shown that the number of leisure-time sport activities is positively associated with leisure-time PA, i.e., a higher number of sport activities that adolescents participated in was associated with a higher volume of leisure-time PA [12] . The same study also showed that the average weekly frequency of sport activities was 3.2 for boys and 2.8 for girls at the age of 17, yet girls engaged in a greater number of different sport activities than boys [12] . Longitudinal studies have shown that sport participation is the highest between ages 11-13, while after that period, it declines steadily throughout mid and late adolescence [13, 14] . The decline is driven by a number of factors, such as lack of time and lack of support from families [15] and a shift towards academic achievements [16] .
Given the importance of lifelong PA for health, interventions that promote physical activity and reduce sedentary behavior are one of the cornerstones of non-communicable disease prevention in children. If such interventions are to be effective in the long-term, the stability of PA and SB over time is assumed, i.e., these behaviors are expected to track well. Tracking is most often defined as: (1) "a tendency of individuals to maintain their rank within a certain group over a period of time" [17] and (2) "the ability to predict future observations based on earlier values" [18] . The most recent systematic reviews have documented weak to moderate tracking of PA and moderate tracking of SB, with the results being strongly dependent on age and the follow-up period [19, 20] . Lower tracking was generally found with increasing follow-up interval [19] . Still, studies during late adolescence are scarce and the follow-up period studied has often been short, especially for SB. Furthermore, SB has usually been assessed through screen-time (ST), which represents just one domain of SB [21] . Finally, to the best of our knowledge, no study has simultaneously investigated the tracking of PA and SB in high-school-aged youth.
Therefore, the purpose of the present study was to investigate the extent of tracking of PA, sport participation (SP), and SB over four years of high school education.
Materials and Methods

Study Participants
The current study is part of the Croatian Physical Activity in Adolescence Longitudinal Study (CRO-PALS), an observational, longitudinal study that investigated behaviors of adolescents in the city of Zagreb (Croatia) throughout the four years of high school education. The sample size estimation and selection for the CRO-PALS study has been reported in detail elsewhere [22] . Briefly, a stratified two-stage random sampling procedure was employed to select an adequately large representative sample of urban adolescents. After having stratified all 86 secondary schools in the Zagreb area by type, grammar schools/vocational schools/private schools, 13 public (eight vocational and five grammar schools), and one private school (grammar school) were selected at the first stage of random selection, based on the share of different types of schools and the approximate number of eligible students per school of 150. All the invited schools agreed to participate, and during the second stage of randomization, half of the first grade classes in each school were randomly selected. Finally, all 1408 students enrolled in the chosen classes were contacted and 903 decided to join the study (response rate = 64%).To check for possible selection bias, we compared participants to non-participants regarding the body-mass index (BMI), sum of four skinfolds (S4SF), and physical fitness (sit-ups and shuttle-run test). No significant differences between the two groups were found in any of the characteristics (p = 0.21-0.34).
All measurements were performed yearly in the period 2014-2017, during April and May, thus totaling four assessments. Prior to the study, all participants and their parents had signed an informed written consent and all the procedures were in accordance of the Declaration of Helsinki. 
Physical Activity Assessment
To assess PA and SB, we used a computerized version of the School Health Action, Planning and Evaluation System (SHAPES) questionnaire [23] . The validity and reliability of the SHAPES questionnaire for assessing PA and SB in primary and high school children has been investigated and the results were comparable to other PA questionnaires commonly used in this age group [23] . The questionnaire includes two items requesting a seven-day recall of moderate intensity PA (MPA) and vigorous intensity PA (VPA). VPA was defined as "jogging, team sports, fast dancing, jump-rope, and any other physical activity that markedly increased your heart rate and made you breathe hard and sweat", while MPA was defined as "lower intensity physical activities such as walking, riding a bike, and recreational swimming". Participants were instructed to specify the number of hours (0-4 h) and minutes in 15-min increments (0-45 min) that MPA and VPA were performed for each day of the previous seven days. For all days at which >4 h of MPA or VPA was reported, the duration of 4:15 h was assumed (of note, such days constitute around 1% of the total days). Weekly duration of time spent in MPA and VPA was calculated by summing the responses for each of the seven days recalled. Physical activity energy expenditure (PAEE) was calculated as proposed by Wong et al. [23] , assuming an average intensity of four METs for MPA and seven METs for VPA.
Sedentary Behavior Assessment
SBs were also examined by the SHAPES questionnaire, through two items examining time spent in pre-specified SBs on an average school day and on a typical weekend day. Sedentary time was examined through seven different groups of behaviors: (1) playing computer/video games, (2) television viewing, (3) browsing the internet (excluding school-work), (4) homework and studying, (5) listening to music, (6) reading for leisure (excluding school-work), and (7) playing instruments. As for PA, responses were provided by indicating the number of hours and minutes in 15-min increments [23] . We summed all seven SB domains to get the total sedentary time (TSB) and further subdivided SB activities into three categories: (1) screen-time (ST) (playing computer games, TV viewing, browsing the internet), (2) doing homework and studying, and (3) other SB activities (i.e., listening to music, reading, playing instruments). As schooldays and weekends were examined separately, the average daily time spent in particular SB was calculated as follows: TSB, ST, studying and other SB activities = [(school day × 5) + (weekend × 2)]/7.
Sport Participation Assessment
The original SHAPES questionnaire was supplemented with two YES/NO questions inquiring about regular participation in organized sports in school, as well as outside of the school. For participants who stated that they participate in organized sport, a comprehensive list of sport activities was offered, and participants identified all sports they participated in on a regular basis. Finally, a question about the weekly duration of sport activities (in 1-h increments) was also included.
Data Analysis
Tracking of PA and SB was assessed using generalized estimating equations (GEE), separate for each PA measure and each SB domain assessed. Specifically, to describe the extent of tracking of both PA and SB, we used the stability coefficient derived from the GEE analysis. When calculating a stability coefficient, the value of the baseline measurement was regressed on the entire longitudinal development of that variable from the second to the fourth measurement. The unique obtained regression (beta) coefficient is called the stability coefficient [24] . This coefficient ranges from 0 to 1, with 1 indicating perfect tracking and 0 indicating no tracking.
On the other hand, to evaluate the tracking of SP and behavioral risk factors (low PA and high screen time), we used odds ratios (ORs) derived from the GEE analysis. To track high physical activity (>75 percentile), low physical activity (<25 percentile), low screen time (<25 percentile), and high screen time (>75 percentile), we used binary regression analysis in GEE. Participants were grouped according to the sex-specific quartiles of PAEE and ST. Odds ratios with 95% confidence intervals (OR; 95% CI) were calculated by GEE to determine the odds of remaining in a certain group compared with the baseline group position. The working correlation matrix was set to exchangeable in all analyses, i.e., the same within-subject correlation between each time point was assumed. Two-sided p-values were used and significance was set at α < 0.05. All the analyses were calculated in Statistical Packages for Social Sciences v.23 (SPSS, Chicago, IL, United States).
Results
The analyses in this study were based on 844 participants with data on PA, SP, and SB. Of these, 614 (73%) were present at all four assessments, 150 (18%) had three measurements, 44 (5%) two measurements, and 36 (4%) presented at only one occasion. The number of children involved dropped slightly during the study period. At first assessment, 843 children completed all the measurements (428 boys and 415 girls; 51.0%/49.0%); in second grade, there were 821 children present (413 boys and 408 girls; 50.3%/49.7%); that fell to 774 at the third year (394 boys and 380 girls; 51.0%/49.0%); and ended with 721 at the final, fourth, assessment (356 boys and 365 girls; 49.4%/50.6%). Basic characteristics of participants are presented in Table 1 . Table 1 .
Basic characteristics of the participants at baseline (first grade of high school), stratified by gender. Average durations of PA and various SB activities over four years of high school are depicted in Figure 1 . The pattern of change in PA was similar in both genders and for both MPA and VPA. The average duration of PA was stable in the first two years, and dropped progressively afterwards. Conversely, the patterns of change in various SBs were not uniform across genders, with similar average values over all four years in girls, and a noticeable decrease between the first and fourth grade in boys. Table 2 shows stability coefficients for PA and SB derived from GEE. In general, stability coefficients were almost identical in both sexes and indicate moderate tracking of PA and moderate to strong tracking of SB. Specifically, stability coefficients for PA ranged between 0.49-0.61 and were somewhat higher for VPA compared to MPA. The corresponding coefficients for SB were 0.60-0.72 in boys and 0.60-0.70 in girls. VPA-vigorous physical activity; MPA-moderate physical activity, PAEE-physical activity energy expenditure; TSB-total sedentary behavior; ST-screen-time; Other SBs include reading for fun, listening to music, and playing an instrument. Table 3 illustrates the tracking of risky behaviors, i.e., low physical activity and high screen time. The stability of high and low PA, as well as high and low ST, was very similar. About half of the children remained in both high and low groups between any two successive yearly assessments. The least active boys and girls at year 1 had 13.3 (CI = 9.8-18.1) and 11.6 (CI = 8.58-15.81) more odds of remaining in the least active quartile throughout the four years of high school compared to their peers, respectively. Similarly, boys with the highest PA level at year 1 were 12.9 (9.4-17.9), while girls were 14.9 (10.7-20.7) times more likely to remain in the most active group throughout high school. Boys who were in the highest screen-time quartile in first grade had 13.9 (CI = 8. Tracking of low and high physical activity (the lowest and the highest sex-specific quartile of weekly physical activity energy expenditure, respectively), and low and high screen time (the lowest and the highest sex-specific quartile of weekly screen time, respectively), over four years of high school, stratified by gender. The numbers indicate the percentage of participants that remained in a specific group between two successive waves of assessment. Table 3 . Tracking of low and high physical activity (the lowest and the highest sex-specific quartile of weekly physical activity energy expenditure, respectively), and low and high screen time (the lowest and the highest sex-specific quartile of weekly screen time, respectively), over four years of high school, stratified by gender. The numbers indicate the percentage of participants that remained in a specific group between two successive waves of assessment. The lowest quartile  40  54  57  55  55  59  The highest quartile  49  63  59  49  48  51  Screen time  The lowest quartile  54  52  53  56  53  49  The highest quartile  51  53  59  52  51  46 The numbers indicate the percentage of participants that remained in a specific category between two successive waves of assessment.
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The number of youth engaged in school and out-of-school sports further classified by the type of sport (individual vs. team sports) over four years of follow-up is presented in Figures 3 and 4 /Table 4 . At baseline, 54% of boys and 44% of girls participated in any kind of sport and the rates of participation decreased steadily afterwards. Boys who participated in school and out-of-school sports in first grade were 18.3 (CI = 12.9-25.5) and 24.0 (CI = 16.8-34.3) times more likely to continue participating over the follow up-period, respectively. The analogous odds in girls were very similar and amounted to 18.7 (CI = 12.9-25.5) and 28.6 (CI = 19.5-42.1).The tracking of sport participation was higher for team sports compared to individual sports in boys, but the opposite was true in girls. Specifically, boys who participated in team sports in first grade were 27.2 (CI = 18.3-40.4) times more likely to continue participating over the follow-up period, while the corresponding odds for individual sports were 20.4 (CI = 14.3-29.0). On the other hand, girls who participated in team sports in first grade were 15.9 (CI = 10.1-24.9) times more likely to continue participating over the follow-up period, while the equivalent odds for individual sports were 23.6 (CI = 15.6-35.6). The most popular sports were soccer, basketball, dancing, combat sports, volleyball, athletics, and swimming (data not presented). 
Discussion
The main goal of the present study was to investigate the extent of tracking of PA, SP, and SBs during four years of high school education. The main results of the study include: (a) PA showed moderate tracking across all intensities, while the tracking of SB was slightly higher, and could be interpreted as moderate to high; (b) the least active adolescents and those who spent the most time in front of the screens at year 1 were 12 and 15 times more likely to remain inactive and of exhibiting high screen time over four years of follow-up compared to their more active peers, respectively; (c) youth who participated in sport in school and outside of school at baseline were 16 to 28 times more likely to participate in sports throughout high school compared to children who were not involved in organized sport at the beginning of high school.
Like in this study, two previous studies among adolescents have also shown moderate tracking of PA [25, 26] . However, Raustorp et al. [26] showed non-significant tracking coefficients for girls, while significant tracking coefficients for both boys and girls in the study by Aarnio et al. [25] were observed. As highlighted by Telama [19] , of many factors influencing the value of tracking coefficients, the follow-up time, assessment method, gender, age, and the type of PA were the most important. Specifically, tracking coefficients were lower in girls compared with boys [19] . Possible reasons were a lower participation rate and major lifestyle transitions (schooling, obligations), which can also decrease tracking over a longer period of time [19] . In this study, we used a questionnaire to assess PA. The reasonably large measurement error related to PA assessment by questionnaires could lead to an underestimation of stability coefficients. In general, earlier studies have documented similar tracking regardless of the PA assessment method employed, pointing out that although Figure 4 . Persistence of sport participation over four years of high school in girls, stratified by school and out-of-school sport and by sport type (individual vs. team sports). The numbers show the frequency of children that participated in regular sport activities during a specific year. Solid line denotes participants who persistently participated in regular organized sport (Persistent participants) and dashed line represents children who were not participating in sports at baseline, but started participating in the specific year (New participants). Table 4 . Persistence of sport participation throughout four years of high school, stratified by school and out-of-school sport and by sport type (individual vs. team sports). The numbers indicate the frequency of participants that continued participating in sports (persistent participants) or started participating (new participants) in a specific year. 
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Discussion
Like in this study, two previous studies among adolescents have also shown moderate tracking of PA [25, 26] . However, Raustorp et al. [26] showed non-significant tracking coefficients for girls, while significant tracking coefficients for both boys and girls in the study by Aarnio et al. [25] were observed. As highlighted by Telama [19] , of many factors influencing the value of tracking coefficients, the follow-up time, assessment method, gender, age, and the type of PA were the most important. Specifically, tracking coefficients were lower in girls compared with boys [19] . Possible reasons were a lower participation rate and major lifestyle transitions (schooling, obligations), which can also decrease tracking over a longer period of time [19] . In this study, we used a questionnaire to assess PA. The reasonably large measurement error related to PA assessment by questionnaires could lead to an underestimation of stability coefficients. In general, earlier studies have documented similar tracking regardless of the PA assessment method employed, pointing out that although objective methods measure PA more accurately, their ability to rank individuals and estimate tracking is not much superior to questionnaires [19] .
Next, the stability coefficients for SB noted in this study indicate moderate to high tracking in both genders. This is in line with previous studies that aimed to track SB in similar age groups [27] [28] [29] . In general, moderate tracking of television viewing (TV), electronic games and/or computer use, and total screen time (ST) was observed, while the coefficients for TSB were notably smaller [27] . Tracking of SB generally shows similar patterns to tracking of PA, that is, an inverse association between the magnitude of tracking and the duration of follow-up [19] .
A recent systematic review by Telama [19] noted that low activity or inactivity usually tracked better than activity. In the present study, however, both inactivity and high activity tracked well. To that end, inactive children should be identified at the beginning of high school and specifically targeted in order to prevent them remaining inactive. Conversely, good tracking of high activity levels indicates that the increase in PA induced by interventions timed at the beginning of high school could be preserved throughout adolescence. Although interventions aiming to promote PA and reduce SB in adolescents have shown a relatively small effect to date, school environment was highlighted as the most potent setting for behavioral interventions [30, 31] . Thus, the first year of high school should serve as a period for both the detection of physically inactive individuals, as well as for the introduction of PA interventions.
The current study documented a marked decline in sport participation over four years of high school. We also noted that participants who were not engaged in sporting activities at the beginning of high school are highly unlikely to start participating in sports later on. Moreover, it has been previously shown that sports participation could extend well beyond adolescence, as participants that engaged in club sports in adolescence were shown to be two times more likely to continue participating in sports after 14 years of follow-up [32] . Poor PA promotion has been highlighted as a major reason for drop-out from organized sport [33] . Thus, school policies that promote organized sport participation before and during high school are warranted. This was also the first study that contrasted the tracking of participation in team and individual sports in the adolescent period. A prior study in Finland has shown that, among teenage boys, participation in team sports leads to high or very high PA levels in adulthood, whereas in females, such an effect is provided by individual sports [34] . In line with that, we observed that tracking was stronger for team sports in boys, and for individual sports among girls.
This study has several strengths. First, we included a fairly large number of participants (N = 844). Second, we randomly selected schools, thus minimizing sample bias. Third, we followed our participants for all four years of high school, which was longer than the follow-up period in most of the previous studies among adolescents, particularly the ones examining SB activities. Fourth, unlike prior studies, we extended SB beyond screen time by including several other domains of sedentary time. Fifth, we succeeded in achieving a very low drop-out rate after four years of follow-up (N = 721/844; drop-out rate = 16%). Finally, we assessed both PA and SB simultaneously, which enabled us to directly compare the extent of tracking of these two behaviors.
However, this study also has several limitations worth addressing. The main limitation of the present study was the use of questionnaires to assess PA and SB, which typically leads to an overestimation of PA and underestimation of SB activities [35] . Although this could have led to an underestimation of stability coefficients derived from GEE, it had a negligible effect on risk behavior tracking which is based on ranking individuals. Next, although all four waves of assessments were performed during the same season (i.e., spring), it is possible that PA varied because of different weather conditions within and between the years. However, we took care that the measurements at a specific school were performed at approximately the same date across all four waves of assessment. In addition to this, we compared average daily maximal temperatures and the amount of rainfall during a specific month at each of the four waves of assessment and found no significant differences (data not shown; p = 0.06-0.64).
Conclusions
Moderate to strong tracking of both PA and SB between 15 and 18 years observed in this study was somewhat higher than previously reported for the similar period [14] . The fact that both low PA and high screen time tracked well indicates that the detection of these risk behaviors in the first grade of high school should be advocated. At the same time, the strong tracking of high PA and low screen time points to the fact that an increase in PA induced by interventions timed at the beginning of high school could probably be maintained at least to the end of adolescence. However, previous studies aiming to increase the level of PA in secondary-school children have only shown a small effect [24, 25] . On the other hand, studies aiming to increase the level of PA in primary-school children have shown somewhat larger effect sizes for time spent in MVPA [36, 37] and VPA [37] in an intervention group, compared to the control group. All this, along with the fact that both positive and risky behaviors related to energy expenditure remained stable throughout high school in this study, indicates that it might be more advisable to intervene at the primary school level. However, this remains to be confirmed by experimental evidence. Lastly, we noted that more than half of the participants that were engaged in organized sports in first grade had quit sports by the end of high school and that adolescents who were not engaged in sports at the beginning of high school were highly unlikely to start participating in sports later on. Thus, school policies that promote organized sport participation both before and during high school are warranted. Future studies should use objective methods in order to decrease the measurement error in assessing PA and SB. 
